Current perspective holds that the generation of secondary signaling mediators from nitrite (NO 
signaling and the regulation of both biomolecule function and signaling network activity via NO 2 − -dependent nitrosation and nitration reactions.
The signaling responses and chemical reactions induced by nitric oxide ( • NO) during both physiological and metabolically-stressed conditions affirm that, in addition to the activation of guanylate cyclase-dependent cGMP production, non cGMP-dependent reactions contribute to • NO regulation of biomolecule structure and function. In this regard, the Snitrosation of protein thiols by • NO can modulate protein function and downstream metabolic responses including vascular homeostasis, ion transport, cytoskeletal function and mitochondrial respiration 1 . The mechanisms responsible for S-nitrosothiol formation remain controversial and can include membrane-catalyzed • NO autoxidation, • NO reaction with heme centers, formation of dinitrosyl iron complexes, • NO reaction with thiyl radicals and thiols followed by one-electron oxidation, and thiol reaction with dinitrogen trioxide (nitrous anhydride, N 2 O 3 ) [2] [3] [4] [5] [6] . The biological relevance of S-nitrosothiol formation in general, and S-nitrosoglutathione (GSNO) in particular, is supported by studies showing that alterations in the activity of a class III alcohol dehydrogenase, an enzyme that also metabolizes nitrosothiols, modulates the nitrosothiol proteome and physiological responses of murine models 7, 8 .
Many of the reactions that yield nitrosating intermediates also produce the nitrating species nitrogen dioxide ( • NO 2 ). The nitration of protein tyrosine and tryptophan residues by • NO 2 may influence signaling networks but, unlike S-nitrosation, protein nitration is an irreversible and typically toxic post-translational protein modification (PTM) that occurs in concert with additional amino acid oxidation reactions 9 . In contrast, unsaturated fatty acids and guanine nucleotides are also nitrated by • NO 2 to yield electrophilic nitroalkene derivatives that react with nucleophilic cysteine and histidine residues of proteins. In vitro and in vivo studies support that the patterns of PTMs induced by "soft" nitroalkene electrophiles are not toxic and serve to link enzyme and transcriptional regulatory protein function with metabolic and inflammatory status [10] [11] [12] . For example, conjugated linoleic acid (CLA) is a physiological target of nitration, giving rise to nitro-conjugated linoleic acid (NO 2 -CLA) regioisomers that are detectable in the urine and plasma of healthy humans at nM concentrations 13, 14 . The levels of cell and tissue nitroalkenes are modulated by diet and oxidative inflammatory reactions involving • NO or nitrite (NO 2 − ) 13, 15, 16 .
Besides its dietary origin, NO 2 − is also a product of • NO autoxidation (reactions 1-4). In fact, • NO autoxidation is typically monitored by either measuring NO 2 − formation or the oxidation of fluorescent and chromogenic probes 4, 17, 18 .
(1) 
RESULTS

• NO mediates NO 2 − -dependent CLA nitration by macrophages
Conjugated linoleic acid is a preferential substrate for nitration in mice and in humans during both inflammatory conditions and digestive acidification. This is due to the unique reactivity of • NO 2 with the external flanking carbons of the conjugated diene moiety, which is more reactive than bis-allylic fatty acids by a factor of 10 4 -10 5 13 . Activation of the murine macrophage-like cell line RAW 264.7 induced CLA nitration ( Figure 1a ). The addition of 15 (Figure 2g and Supplementary Results, Supplementary Fig. 1a) . Similarly, we confirmed the absence of adventitious metal catalysis by treating our buffers with two different chelation strategies without affecting the yields of CLA nitration (Supplementary Figure 2) . Although the individual rates of 14 NO 2 -CLA and 15 NO 2 -CLA formation were inversely modulated by 15 NO 2 − ( Supplementary Fig. 3a) , the global rate and the total yield of NO 2 -CLA formation were only marginally affected (Figure 2g and Supplementary Fig. 3b ). Supplementary Fig. 1b ). Similar to CLA nitration, 15 NO 2 − addition led to a dose-dependent increase in GS 15 NO, with no effect on net nitrosothiol yield ( Figure 3g and Supplementary Fig. 4a-c Figure 4a ). Unlike the asymmetrical isomer (asymN 2 O 3 , 1, Figure 4a ), the nitrogen atoms in symN 2 O 3 are bonded to a central oxygen via two equivalent bonds that will homolyze with identical probability. Fig. 10 ). Finally, we recapitulated these results using the short half-life (less than 2 s) • NO donor proli-NONOate, affirming that the decrease in NO 2 -CLA formation observed at lower pH was not due to changes in the rate of • NO release.
Nitrite participates in • NO-dependent S-nitrosation
)
DISCUSSION
Nitrite, firmly established as a metastable physiologic • NO reserve, is also a source of nitrosating and nitrating intermediates that expand the scope of mechanisms and secondary mediators that can transduce cell signaling events mediated by redox reactions 33, 34 . In accordance with this concept, 15 NO 2 − addition to activated macrophages induced 15 NO-CLA formation in a dose-dependent manner. The relative contributions of different cell compartments to fatty acid nitration have not been characterized, as many of the reactive species involved in this process, -including both the substrate CLA and the resulting NO 2 -CLA, are readily diffusible and membrane permeable. However, the observed yields and kinetic profiles of CLA nitration by activated macrophages suggested that the free fatty acid, rather than esterified species, was the substrate for NO 2 (Figure 5g ). Either mechanism is consistent with the observed dose-dependent increase in isotopic incorporation of 15 NO 2 − where net product yields are similar (Figures 2 and 3 
CLA nitration by RAW264.7 cells
Cells were maintained in DMEM (Mediatech, Manassas, VA, USA) plus 10 % fetal bovine serum (FBS, Gibco-Life Technologies, Waltham, MA, USA) at 37 °C, 95 % air and 5 % CO 2 . Cells were treated with 50 μM CLA, 100 ng/mL LPS and 200 U/mL IFNγ, and incubated with or without 100 μM 1400W plus or minus 200 μM deta-NONOate in DMEM plus 1 % FBS. Media was collected at 24 h, spiked with internal standard (10 pmoles), and NO 2 -CLA extracted using C18 SPE columns (Thermo Scientific, Waltham, MA, USA) as described previously 14 .
Nitration and nitrosation reactions
CLA, 2,3-diaminonaphtalene (DAN) or glutathione (GSH), (20 μM) were incubated with MNO (25 μM for nitration and 2.5 μM for nitrosation reactions respectively) and NO 2 − (0 -2 mM) in the presence or absence of K 4 Fe(CN) 6 (1 mM) in 20 mM BisTris pH 7.0 containing 100 μM DTPA. Experiments using NOBF 4 were performed in acetonitrile to prevent reagent hydrolysis. Reactions were started by quick addition of a reaction mixture to 2 mL vials containing 10 μL of a 200x MNO stock solution. Vials were filled to capacity to eliminate headspace, sealed and immediately placed in an HPLC autosampler at 25 °C. Kinetic profiles were obtained by repeated injection of the reaction mixtures in a LCMS/MS system. For experiments in which Proli-NONOate was used, 10 μL of a 200x stock was added to sealed vials filled to capacity using a Hamilton syringe. Quantification of NO 2 -CLA, S-nitrosoglutathione (GSNO) and 2,3-naphtotriazole (NTA) was performed using calibration curves prepared from either synthetic or commercially-available standards. 13 Cnitro-oleic acid, 1,4-piperazinediethanesulfonic acid (PIPES) and caffeine were utilized as internal standards for NO 2 -CLA, GSNO and NTA quantification respectively. Low-oxygen experiments were performed in a hypoxic chamber (COY Lab Products, Grass Lake, MI, USA). 
CLA nitration with
Peritoneal inflammation model
Male C57BL/6J mice, aged 10-12 weeks, were injected intraperitoneally with 20 μg LPS (6×10 4 endotoxin units) dissolved in a saline plus Freund's incomplete adjuvant (1:1) vehicle. Freund's incomplete adjuvant was utilized in conjunction with LPS to create an emulsion and induce localized, sustained inflammation in the peritoneum. This response relies on toll-like receptor 4 (TLR4) activation by LPS, an approach that was preferred over the more general and painful inflammation caused by the inactivated M. tuberculosis present in the complete adjuvant. Mice were rested overnight and subsequently treated with 2.5 mg CLA plus 0-200 nmol Na 15 N 18 O 2 − in a phosphate buffered saline (PBS)/polyethylene glycol-400 vehicle 18 h post-LPS challenge. Mice were killed 1 h later and peritoneal lavage performed using PBS containing 2 mM EDTA. Lavagate was centrifuged and the cell-free supernatant extracted by C18 solid phase extraction (SPE) columns to enrich fatty acids and remove salts, followed by nitrated fatty acid purification with aminopropyl SPE columns. Briefly, C18 eluates were dried and resuspended in hexane:methyl tert-butyl ether:acetic acid (100:3:0.3) and loaded into hexane-equilibrated aminoproyl SPE columns. Non-polar complex lipids were removed with chloroform:isopropanol (2:1) followed by free fatty acid elution with diethyl ether:acetic acid (196:4). Nitrated fatty acids in the polar lipid fraction were measured by LC-MS/MS as described below.
Peritoneal NO 2 − measurement
Total NO 2 − levels were determined in peritoneal lavages by ozone-based I 3 − reductive chemiluminescence as described 52 . To differentiate exogenous 15 N-versus endogenous 14 N-containing nitrite, DAN diazotization to either 14 NTA or 15 NTA was determined by LC-MS/MS. Briefly, peritoneal lavagate dilutions were reacted with 30 μM DAN under acidic conditions for 10 min followed by alkalinization by sodium hydroxide addition to stop the reaction and LC-MS/MS analysis.
Analysis of peritoneal cell populations
Cell subpopulations in the peritoneal lavage were identified by flow cytometry analysis via staining with fluorochrome-conjugated antibodies against the following antigens: Ly-6G, MHC II, CD11c, F4/80, CD11b, CD86 (eBioscience). For iNOS expression analysis, cells were fixed and permeabilized with Fix/Perm Buffer (BD Biosciences) and stained with mouse anti-iNOS (Santa Cruz Biotechnology) and PE-anti-rabbit IgG (Jackson ImmunoResearch Lab). Samples were acquired using a LSRII flow cytometer (BD) and analyzed with FlowJo software (TreeStar).
LC-MS/MS analysis
Nitrated fatty acid samples from in vitro experiments were resolved by C18 reverse-phase chromatography (Gemini 2 × 20 mm, 3 μm, Phenomenex, Torrance, CA) using 10 mM ammonium acetate/acetonitrile mobile phase system. Samples were loaded at 35 % acetonitrile at 0.75 mL/min, maintained for 0.2 min and the organic phase was increased to 90 % over 2 min. The column was then washed with 100 % acetonitrile for 1.2 min and reequilibrated at 35 % for an additional 0.8 min. Nitrated fatty acids extracted from cell media and peritoneal lavage were resolved with an analytical C18 Luna column (2 × 100 mm, 5 μm particle size; Phenomenex) at a 0.65 ml/min flow rate and an acetonitrile/water mobile phase system in the presence of 0.1 % acetic acid. Samples were loaded at 35 % acetonitrile/acetic acid for 1 min, followed by a linear increase in the organic phase to 90 % over 8 min. The column was then washed with 100 % acetonitrile/acetic acid for 3 min and re-equilibrated at 35 % for 3 min. Mass spectrometry analysis was performed using either an API 5000 or an API Qtrap 4000 (Applied Biosystems, Framingham, MA) in the negative ion mode using the following settings: source temperature 650 °C, 
Statistical Analysis
Statistical analyses were performed using GraphPad Prism (La Jolla, CA. USA) version 6.05 by one-way or two-way analysis of variance (ANOVA) and Bonferroni multiple comparison test as indicated in the figure legends. P values below 0.05 were considered statistically significant.
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